Spores of P. tabacina lose viability when in low concentrations in water. The most rapid rate of loss, from 99 to 50% germination in 3 hr, was at 15 and 20°C followed by decreasing rates for 10, 30, 5, and 25°C in that order. At 37·5 and 35°C a few spores survived for 30-60 min.
I. INTRODUOTION
In a review of "spores as propagules of disease", Garrett (1966) concluded that an inoculum containing a large number of spores appeared to be necessary to ensure establishment of disease. Van der Plank (1967) considered that "much ofthe confusion in the literature about the relation between the number of spores and the amount of disease they produce arises from the use of abnormally high concentrations which have little meaning epidemiologically".
The apparent necessity for high spore concentrations is due, in part, to the poor viability of spores used as inoculum. Some of the factors affecting viability of inocula containing spores of Peronospora tabacina Adam as prepared for use in laboratory and glasshouse experiments were examined in vitro and the results reported herein. The use of low concentrations of spores in disease development on inoculated plants is reported in the second paper of this series (Hill 1969) .
II. METHODS
Spores (conidiospores) of P. tabacina, strain APT1, were produced at 20°C on tobacco plants, cv. Virginia Gold. They were removed from the leaves with a minimum quantity of water from an atomizer spray, filtered through cotton wool, and counted in a haemocytometer cell. Suspensions containing the required number of spores were prepared by dilution with distilled water. In a few experiments the spores were collected on a Millipore filter as used by Shepherd (personal communication) and stored in a desiccator. Spore suspensions were sampled for germination on 2% Difco Bacto agar blocks (Shepherd 1962) at 15°C. as also were spores from leaf disks floating on kinetin sol)ltion (Shepherd, Stuart, and Mandryk 1963) . Rate of germination was measured by spore counts at hourly intervals. Numbers of spores per millilitre and the distribution of spores in single drops of inoculum on agar blocks were determined by scanning under the microscope.
III. EXPERIMENTAL DETAILS AND RESULTS

(a) Viability of Spores Stored in Water at Eight Temperatures
Concentrations of 50-150 spores per millilitre, occasionally up to 6000 per millilitre, were made up in 1000 ml of distilled water in Erlenmeyer flasks and stored at eight different temperatures. The flasks containing the water were at the appropriate temperature at the time the spores were added. There were at least five replicate experiments at each temperature. Samples were withdrawn after various time intervals and placed on agar blocks at 15°C for germination overnight. Spores did not germinate during the period of storage in water.
For all temperatures, and replicates at each temperature, a pro bit curve was fitted to obtain estimates of (1) storage time required to reduce germination to 50%; and (2) the percentage germination after storage for 8 hr at each temperature. An analysis of variance was done on each of the variables (1) and (2) in order to compare the effects of the different temperature treatments, using logarithms of time for (1) and the probit corresponding to the percentage germination for (2). The means of the transformed data were then back-transformed after analysis. The results are given in the following tabulation: * Values obtained at 5 and 25°C and 10 and 30°C are significantly greater than those at 15 and 20°C.
t Values obtained at 5 and 25°C are significantly greater than those at 15 and 20°C, and values obtained at 10 and 30°C are significantly greater than those at 15°C.
Both results indicate short survival in storage at 15 and 20°C, and long survival at 5 and 25°C. Survival figures for 35°C were approximately 1 hr and for 37· 5°C approximately 30 min. At all temperatures there was a progressive loss of viability with time, from the 95% or higher percentage germination for spores not stored, to no germination.
(
b) Spores on Agar Blocks
Drops of spore concentrations of the order of 10,000-20,000 per millilitre of water were placed on agar blocks in moist Petri dishes stored at six temperatures. The percentage of spores that germinated was determined at intervals until the maximum was attained. There were at least six replicate experiments at each temperature. The results, presented as a graph of mean percentage germination over replicates against hours of storage at each temperature, are shown in Figure 1 .
Spores stored on agar blocks at 30, 35, and 37 ·5°0 did not germinate at the storage temperature and the blocks were transferred at intervals to 15°0 for germination. There was no germination in spores stored at 30°0 for 96 hr, at 35°0 for 24 hr, and at 37 ·5°0 for 5 hr. . 
(c) Spores on Leaf Disks
Disks of 1 ·5 cm diameter were removed from tobacco leaves in the presporulation stage and floated, ventral side uppermost, on kinetin solution in Petri dishes (Shepherd, Stuart, and Mandryk 1963) . The dishes were placed overnight at 20°0 for sporulation on the leaf disks and then transferred to each of six temperatures. Disks from at least nine leaves were tested at each temperature. They were removed at regular intervals, washed in water, and the spore suspensions so obtained were tested at 15°0 for germination.
Germination of spores from leaf disks stored at 5°0 was low (5-25%) throughout a period of 17 days. At 10 and 15°0 the germination was about 55% from the second to the fifth day inclusive while at 20, 25, and 30°0 there was a very rapid loss of viability following a peak of approximately 70% after storage for 1 or 2 days. There were different levels of viability in the inocula, as was shown by different rates of loss of viability with time, in spores from different leaves.
As the following tabulation shows, the time to zero germination in spores from each leaf decreased with each rise in the temperature of storage of the inoculum, as did also the storage time preceding the maximum germination attained: I Spore survival time was much shorter, except at 30°C, than for spores from leaf disks stored in desiccators (Hill 1962) .
(d) Dry Spores
Spores collected from leaves by means of a Millipore suction pad (Shepherd, personal communication) were stored in a desiccator at relative humidity 42·8% and temperature 20°C. Samples were taken at intervals for tests of viability on agar blocks. Adjusted values for percentage germinations in each of the five experiments were reduced to the means shown in the following tabulation: For each experiment x and ~(x-x)2 were calculated. Departure from a Poisson distribution was tested by the "Poisson index of repression", defined as ~i(Xi-X)2/x, which is distributed as x2 with A degrees of freedom, where A = sample size minus one, and Xi are the class frequencies of the distribution. Of the 72 samples tested, only seven were significant (six at the 5% level and one at the 1 % level). When sample means against sample variance were plotted, the position of the seven significant points indicated a slight possibility of clumping of spores at mean numbers of 3·5 or more per drop. This was supported, in part, by evidence from 37 experiments in which 8891 spores were counted. There were 110 or 1· 24% occurrences of two or more spores in contact.
IV. DISCUSSION
The immediate concern is with viability of spores in inocula used in studies on plant infection with subsequent lesion development. Shepherd (1962) used riboflavin to increase the percentage germination of spores of P. tabacina. Bushnell and Rowell (1967) , in reviewing earlier work, state that spores of Erysiphe graminis DC lose 90% or more of their infectivity within a few minutes after suspension in aqueous media. With Phytophthora infestans, Stille (1965) concluded that conidia would not germinate after exposure to relative humidities of less than 97% at temperatures of 12-28°C.
In the experiments reported here, 98-100% germination was obtained when inoculum containing spores collected as described was placed on agar blocks at 15°C within 30 min of the time of spore collection. A longer period in water usually resulted in some loss of viability.
(a) Viability of Inoculum in Water
Viability of spores, washed twice by centrifugation, at concentrations of 10 5 per millilitre or higher, was not affected by storage in water for at least 6·5 hr at 15°C (Shepherd 1962) . In the present experiments, the low spore concentrations of 25 to several thousands per millilitre lost viability in a much shorter time [Section III(a)]. However, the rate ofloss in spores collected from different leaves was not the same even though the initial germination of all lots was 98-100%.
A feature of the viability studies on spores in inocula at different temperatures was the short survival at 15°0 (50% after 3 hr) compared with the long survival at 25°0 (50% after 7·5 hr). Apparently 15 and 25°0 are temperatures of significance for P. tabacina, as the latter is also optimum for colonization ofleaves by the pathogen and for appearance of necrotic lesions (Rotem and Oohen 1967) .
(b) Viability of Inocula on Agar Blocks and Leaf Disks
On agar blocks, the temperatures of 15 and 25°0 were most significant, the former for rapidity of germination and the latter for germination over an extended time period. Results for 6 hr at 20 and 25°0 were similar to those obtained by Shepherd (1962) , but there were wide differences at the other temperatures. On this evidence the est!Lblishment of infection in plants would proceed most rapidly at 15°0 and could continue over a long period at 25 and 5°0, with the prospect of many spores retaining viability until evening, when conditions for infection could be more favourable.
Spores attached to conidiophores on living plant material remain viable for long periods (Shepherd 1962) and do not germinate. There was a steady decline in the length of the survival period from 21 days at 5°0 to 3 days at 30°0 with no evidence of special values at 15 and 25°0.
(c) Dry Spores as Inoculum
Results from spores stored in the desiccator were comparable with those from leaf disks stored under similar conditions (Hill 1962) . Dry spores provide the airborne inoculum in the field. They are relatively resistant to radiation (Shepherd, unpublished results) and, according to Stakman and Harrar (1957) , the rate of fall of such spores, and therefore their potential for promoting an epiphytotic, could be 50-70% less than the 11 mm per second estimated from the results of McCubbin (1944) for spores in a moist atmosphere. Dry spores require moisture to become an effective inoculum, but dryness before or after germination has commenced is not necessarily lethal to spores as was shown in vitro by Good and Zathureczky (1967) for three fungal species.
(d) Practical Oonsiderations
Spore concentrations for laboratory studies are usually diluted to obtain inoculum concentrations that are expressed as spores per millilitre, a value that gives little idea of the number or viability of spores subsequently present on inoculated surfaces. In the present experiments, counts of spores per millilitre in the very low concentrations of inoculum actually used, and presumed present in the field, showed that viability was not affected by short periods of immersion in water, that spores were present as single units, and that distribution of spores in drops followed the Poisson pattern. Thus, the role of single spores in the production of lesions could be determined.
V. ACKNOWLEDGMENTS
Grateful acknowledgment is made to Dr. C. J. Shepherd for helpful comments in the preparation of the manuscript and for permission to use the technique for collecting dry spores; to Mr. P. Pahl, Division of Mathematical Statistics, CSIRO, for the statistical analyses; and to Mr. H. Tantala for technical assistance.
